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© New steroidal chlral phosphines, methods for their preparation, catalytic systems containing them and catalytic 
processes in which they are used. 7 



© New steroidal chlral phosphines of formula 




methods for their preparation; catalytic systems comprising 
metal complexes and the above steroidal chiral phosphines; 
asymmetrical catalytic processes like hydrogenation, hydro- 
formylation and hydrocarbalkoxylation of prochiral com- 
(I) pounds which employ said catalytic systems. 
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DESCRIPTION OF THE INVENTION 
The present invention refers to new steroidal chiral phos- 
phines, to methods for their preparation, to catalytic 
systems comprising metal complexes and the above steroidal 
chiral phosphines and to asymmetrical catalytic processes 
like hydrogenat ion # hydrof ormy I at i on and hydrocarba I koxy- 
I at ion of prochiral compounds which employ said catalytic 
system. More precisely, one object of the present invention 
is represented by new steroidal phosphines, chiral to the 
carbon atom, of the general formula 




In the patent literature there are described many phos- 
phines which are used as I i gands in catalysts suitable 
for asymmetr i c syntheS i s I ike asymmetr i c hydrof or my I at i on, 
asymmetric hydrogenat i on, asymmetric hydrocarba I koxy I at i on 
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and asymmetric hydros i I y I at i on which can be useful in the 
synthesis of many aminoacids, drugs and pesticides. 
German laid open applications 2, 161,200 and 2,030*, 071, 
US patents 4,008,281 and 4,005,127, Japanese laid open 
app I i cat i ore 76 88,942 and 78 105,421, describe many phos- 
phines which are used as ligands in catalytic processes 
for asymmetric synthesis. Processes regarding other asym- 
metric synthesis in which chiral phosphines are used are 
also described in German laid open applications 2,359,101, 
2,613,817, 2,638,072, 2,638,070, 2,767,671, 2,800,461, 
2,909,041, well as US patents 3,849,480, 3,949,000, 
3,978,101, 3,968,147. No one of the prior-art phosphines, 
however, contains any steroidal structure. 
The optically active compounds have achieved an increas- 
ing importance during the last years in the field of 
the fine chemicals, mainly of the pharmaceutical com- 
pounds. Therefore the importance of regiosel ect i ve and 
stereospecif i c synthetic processes, which allow the pro- 
duction, with high yields, of chiral products from organic 
prochiral compounds, has considerably increased. 
We have now discovered that the new steroidal chiral 
phosphines of the present invention and, consequently, 
the new catalytic systems, generally bring to a much 
higher reg i ose I ect i v i ty , in comparison with the known 



- 4 - 



0081149 



catalytic systems , in asymmetrical homogeneous catalytic 
processes. These catalytic systems bring, in some par- 
ticularly interesting cases, beside a high regioselec- 
tivity, to a high stereospec i f i c i ty thus directly pro- 
ducing optically pure compounds. 

Moreover, these new catalytic systems allow to carry 
out the catalytic processes in conditions much less 
drastic than those usually employed* 

The new steroidal chiral phosphines, which will herein- 
after be referred to as "the new I igands" can be pre- 
pared in an easy and cheap way,as they are synthetized 
in high yields from commercially available starting com- 
pounds and easily crystallize/ contrary to what generally 
happens with the known I igands. 

Particularly the objects of the present invention are 
the 3cls,-dihenylphosphines-5<^-cholestane of formula 
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and the 2, 3~0-(5 ' ^ ~cho I estany I i dene-3 ' , 3 ' -d i oxy )-l , 4-b i s- 
-dipheny Iphosph i nebutane of formula 




These new optically active compounds which afterwards 
will be referred to as (+)-DIC0L (compound II) and as 
(_)_D|QC0L (compound III), are both prepared starting 
from cholesterol and sodium d i pheny I phosph i ne through 
a sequence of reactions. 

The following reaction scheme shows the process for the 
synthesis of (+)-DIC0L: 
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wherein TsCI means tosyl chloride and Ph stands for 
pheny I • 

The first step, namely the reduction, is preferably car- 
ried out under hydrogen pressure in the presence of pla- 
tinum as the catalyst. 

The reaction of 3-hydroxycho I estane with sodium di pheny I- 
phosphine is preferably carried out by first converting 
the 3-hydroxy-der i vat i ve into its 3-tosy I -der i vat i ve 
through a reaction of the 3-hydroxy-der i vat i ve with 
tosyl chloride in pyridine according to E.B. Hershberg 
et al . J. Am. Chem. Soc. 73, 1144, U95D and J. Mauno- 
wicz et al . Chem. Li sty 52, 2359, (1958). 
It is also possible to protect the 3-hydroxy group with 
other active groups like brosyl, mesyl, triflyl, O.phtal- 
y|, halo, acetyl or other aliphatic or aromatic ester 
groups. 
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The so obtained 5d\-cho lestan- I tosyl ester is reacted 

with sodium d i pheny I phosph i ne , which is prepared in situ 
from ch I orodi pheny I phosph ine and sodium according to 
H.B. Kagan et al , J. Am. Chem. Soc. 94, 6429 (1972), 
thus obtaining in selective way the (+)-DIC0L. 
The reaction is carried out under nitrogen atmosphere in 
an anhydrous inert organic solvent like dioxane or tetra- 
hydrofuran or a mixture thereof, preferably a 2:1 (v/v) 
di oxane/tetrahydrof uran mixture, at ambient temperature 
for a period of time comprised between 2 and 4 days, 
preferably 3 days. After working up the reaction mixture, 
(+)-DIC0L is obtained with a yield never lower than 50%, 
in any case higher than those obtained in the synthesis 
of other known ligands like neomenthy I -phosph i ne or 
menthy l-phosph ine; moreover the purification does not 
show particular problems owing to the fact that (+)-DIC0L 
crystallizes out from the reaction medium in an easy way. 

The following reaction scheme shows the process for the 
synthesis of (-)-DIOCOL: 
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The hydrogenation of the cholesterol is preferably car- 
ried out under hydrogen pressure in the presence of 
platinum as the catalyst. The so obtained 5 ^-chol estane- 
_3_/2>-ol is then oxidated to the corresponding 5ck-cho lestane 
_3_ one , preferably by means of an alkali bichromate and 
sulphuric acid, according to L. F. Fieser and M. Fieser, 
Org. Synth. Coll. II, 139. The 5 d\-cho I estane-3-one is 
subsequently transformed into the corresponding acetal 
by reaction with (R ) (R )-d i ethy I tartrate in an organic 
solvent like toluene or benzene in presence of p-toluene- 
sulfonic acid at the boiling temperature of the reaction 
mixture for a period of time comprised between 12 and 
24 hours, preferably 18 hours. The carbethoxy groups 
of the resulting product are subsequently reduced to 
hydroxymethy I groups by means of a metal hydride such 
as, for instance, lithium aluminium hydride or sodium 
borohydride and analogs, preferably lithium aluminium 
. hydride in anhydrous diethyl ether at the boiling tempe- 
rature of the reaction mixture for a period of time com- 
prised between 2 and 10 hours, preferably 4 hours. The 
so obtained 2 , 3-0-( 5 -cho I estany I i dene)-L-tre i to I is 
then transformed into the corresponding ditosy.l deriva- 
tive by means of tosyl chloride in pyridine. The hydroxy 
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groups can be protected also by transforming them into 
the brosyl, mesy I , triflyl derivatives or into the labile 
esters of aromatic or aliphatic acids. 
The last reaction step contemplates the introduction 
of the dipheny I phosph i nic groups by reactinq the ditosyl- 
derivative with sodium d ipheny I phosph i ne, thus obtaining 
in a selective way the (-)-DIOCOL, 2, 3-0-(5 'ck-cho I estan- 
y I i dene-y* 3 '-dioxy )-l ,4-hi s-d ipheny I phosphinebutane, w i th 
very high yields, usually higher than 90% of theoretical. 
This reaction is carried out by reacting 2, 3-0-( 5 '^-cho- 
lestanyl i dene)-L-tre i to I -1 , 4-b i s-p-tosy I ate with sodium 
dipheny I phosph ine under stirring at room temperature 
in an anhydrous inert organic solvent like dioxane or 
tetrahydrof ur an or a mixture thereof, for a period of 
time comprised between 24 and 72 hours, preferably 48 
hours. After working up the reaction mixture the pure 
(-)-DIOCOL is obtained with a yield of 90%. 
The preparation of compounds (II) and (III) having a 
high optical purity, at least higher than 95%, is of 
paramount importance for the purpose of the present in- 
vention, as the presence of great quantities of other 
epimers alters in a determinant manner the stereoselec- 
tivity of the subsequent processes of asymmetric cata- 
lysis. 
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The new I igands obtained as previously described are 
used according to the present invention in processes 
of transformation of prochiral substrata into chira! 
compounds, by means of known catalytic precursors. 
The new catalytic systems are prepared in situ , by mixing 
the catalytic precursor together with the new I igand; 
subsequently the substratum is introduced and the process 
takes place. 

Some asymmetric processes which can be carried out by 
means of the new catalytic systems will be hereinbelow 
examined in detail. This constitutes another aspect of 
the present invention. 

A) Asymmetric hydrogenat i on of prochiral substrata 

The hydroqenat i on of dl, ^-unsaturated acids and esters 
is of particular interest in the field of homogeneous 
hydrogenat ions, since it brings to a number of chira I 
compounds which are much important for pharmaceutics 
and pest i ci des . 

Processes of asymmetric hydrogenat ion of prochiral 
substrata have already been realized by using* cata- 
lytic systems made by rhodium and phosphines, chiral 
to carbon and phosphorus atoms. The new catalytic 
systems of the present invention, when employed in 
many industrially interesting cases, I ike the hydro- 
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genation of <Jv-acy I am i noacry I i c acids, allow to signi- 
ficantly improve the stereoselectivity of the process 
and thus, in this specific case, to prepare ^-am i no- 
acids or derivatives thereof with a higher optical 
pur i ty . 

In a representative experiment, we have carried out 
the asymmetric hydrogenat i on of compounds of general 
formu I a : 




wherein R and R , independently represent hydrogen, 

straight or branched ( C j_g) alkyl, substituted or 

unsubst ituted aryl, or (C^g) cycloalkyl; R 1 may be 

2 

also a carboxy group; R represents a carboxy, an 
ester or an amide group; 

R 3 represents (C^^alkyl, (C 3 _g)cyc I oa Iky I a sub- 
stituted or unsubst ituted aryl or an amide group; 
in order to synthetize compounds of formula: 
R R 2 
,CH — CH 

< \ 3 

R A R 
12 3 

wherein R, R , R , R are defined as above, by means 
of catalytic systems made by neutral or cationic mono- 
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valent rhodium complexes and I igands according to 
formula (I) or, more precisely, formula (II) and 
(III). Suitable catalytic precursors are, for in- 
stance, cyclooctadieny I -rhodium chloride dimer of 
formula /Eh (COD )C\J 2 ' norbornadi eny I -rhodi um chloride 
dimer of formula /Rh(NBD)C[7 2 or cationic complexes 
of formula 

/Rh(diolefin) 2 7 + CI0 4 ", ^Rh(d i o I ef i n> 2 T BF A ~> 
/Rh(diolef in) 2 7 + PF 6 ~- 

The process is carried out in organic solvents like 
aromatic or aliphatic hydrocarbons, alcohols, ethers 
or mixture thereof, preferably a 1:1 (v/v) mixture 
of benzene and methanol, in the absence of air, under 
a hydrogen pressure comprised between 1 and 70 atmo- 
spheres, at a temperature comprised between 20°C and 
50°C and for a period of time comprised between 12 
and 24 hours. The nature of the enantiomer excess (ee) 
depends on the catalytic precursor, the ligand and the 
used substratum and cannot be foreseen a pr i or i . 

B. Asymmetric hydrof ormy I at i on of prochiral substrata . 
Processes of asymmetric hydrof ormy I at i on with carbon- 
monoxide (CO) and hydrogen (H 2 ) were carried out on 

prochiral substrata, by using rhodium or platinum 
complexes as the catalysts. Nevertheless the obtained 

results were unsatisfactory since the optical yields 
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were in general very low, i.e. not higher than 35%. 
On the other hand, in a further representative expe- 
riment it was found that by using a catalytic system 
comprising the art known metal complexes and the new 
ligands, products with the same optical yields were 
obtained, but a very high regi ose I ect i v i ty towards 
the formation of the chiral isomer was also achieved. 
The process runs according to the following scheme: 

R CHO R H 

\ / \ / 
C CH + C CH 

/ \ / \ 

H H OHC H 



CO 

R-CH-CH 0 > 

"2 



wherein R is an aliphatic straight or branched alkyl 
group from 1 to 20 carbon atoms or a substituted or 
unsubst i tuted aryl group. 

The hydroformy I at i on process is carried out in an 
autoclave by dissolving the starting material in an 
organic inert solvent like an aliphatic or aromatic 
hydrocarbon, preferably mesitylene, in presence of 
a catalytic amount of a ligand of formula (II) or (III) 
and of a metal catalyst, in the absence of air under 
a carbon monoxide/hydrogen pressure comprised between 
70 and 100 atmospheres, being the carbon monoxide and 
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the hydrogen present in equ i mo I ecu I ar ratios, at a 
temperature comprised between 20°C and 100°C, prefer- 
ably at a temperature between 60°C and 100°C, for 
a period of time comprised between 4 and 240 hours. 
The obtained reaction products can be purified by 
rectification or can be transformed into the corre- 
sponding acids by oxidation with silver oxide (Ao^O) 
and subsequently recovered as methyl esters. 
Particularly interesting result were obtained in the 
hydroformylation of the styrene and of the isoprene. 
Also in this case it is impossible to foresee the 
configuration of the prevailing enantiomer. 
9 Asymmetric hydrocarba I koxy I at i on of prochiral sub- 
strata* 

Processes as above defined were already performed 
by using palladium complexes as the catalysts and 
chiral phosphines as I igands. Also in this case the 
values of asymmetric induction were always unsatisfac 
tory (never higher than 68%), which, anyhow, did not 
depend on the used substratum. 

We have now discovered in a third representative ex- 
periment that the hydrocarba I koxy I at i on of olefins, 
employing the new catalytic systems according to the 
present invention, comprising the conventional pal- 
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ladium complexes and the new I igands, a very high 

regioselectivity towards the chiral compounds was 

achieved, and this is absolutely interesting from 

an industrial point of view, also if noteworthy ira- 
* 

provements in the reaction stereospecif icity are not 
observed • 

The new catalytic systems gave very interesting re- 
sults in particular in the synthesis of 2-aryl-pro- 
pionic acids which ape, notoriously widely used anti- 
inflammatory drugs. 

The process runs according to the following scheme: 

R COOR, R H 

\ / 1 \ / 

R-CH=CH 0 + CO + R -OH * C-CH + CH — CH 

2 1 / \ / \ 

H H R^OC H 

wherein R represents an aliphatic straight or branched 
group from 1 to 20 carbon atoms or a substituted or 
unsubsti tuted aryl group, R^ represent an aliphatic 
straight or branched group from 1 to 6 carbons. 
The hydrocarba I koxy I at ion process is carried out in 
autoclave, by dissolving the substratum, the catalyst 
and the alcohol in an inert organic solvent, prefer- 
ably an aromatic or aliphatic hydrocarbon, more pre- 
ferably benzene, and then introducing carbon monoxide 
until a pressure of 140 atmosphere is reached, at 
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room temperature. The autoclave is then heated at a 
temperature comprised between 80°C and 120°C, and 
the heating is stopped when the gas absorption ceases. 
The reaction derivatives are collected by distillation 
after evaporation of the solvent and are further puri- 
fied by rectification. Particularly suitable cata- 
lytic precursors to be used together with the ste- 
roidal phosph inic ligands according to the invention 
are: PdCI 2 , Pd( PPh^^C 1 2 » PdCOCOCH^, Pd(PhCN) 2 CI 2 
and the I ike. 

The following examples are provided for with the pur- 
pose of better illustrating the various aspects of the 
invention, but in no way they must be construed as a 
limitation of the scope of the invention itself. 

EXAMPLE 1 

3 i fr -d i pheny I phosph i ne-5d -cho I estane ( (+)-DlC0L) 
A solution of 25 9 (0.046 moles) of 5<k"cho I estan-3/3 -ol 
tosylate, obtained from cholesterol according to E.B. 
Hershberg et a I . , J. Am. Chem. Soc. 73, 1H4, (1951 ) 
and J. Maunowicz et al Chem. Listy 52, 2359 (1958), 
in a 2:1 (v/v) mixture of anhydrous d i oxane/tetrahydro- 
furan was added dropwise, under nitrogen atmosphere, 
to a solution of sodium di pheny I phosph i ne in 150 ml of 
a 2:1 (v/v) mixture of anhydorus d i oxane/tetrahydrof uran . 
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The sodium d ipheny I phosph i ne was obtained in situ from 
14.13 9 (0.064 moles) of chl orod i pheny I phosph i ne and 
7,06 Q. (0.307 atoms) of metal sodium accordinp to H.B. 
Kagan et a I ., J. Am. Chem. Soc. 94, 6429, (1972). 
The reaction mixture was stirred at ambient temperature 
for a period of time of 72 hours and, after addition 
of 50 ml of diethyl ether, filtered in order to eliminate 
the inorganic salts. The solvent was evaporated off under 
vacuum and the residue was taken up with 200 ml of 
diethyl ether and again filtered. The filtrate was then 
added with 120 ml of methanol and the resulting mixture 
was evaporated until a precipitation of a solid product 
was achieved. After recrysta I I i zat i on from a mixture 
of diethyl ether and methanol, 15.8 g of product were 
obtained, with a yield of 60%, calculated over the start- 
i ng tosy I ate. 

The phys ica I -chemical properties of the compound were 

as f ol lows: 

m.p. 129°C i 131°C; 

*H-NMR: most significant resonance peaks were observed 
at 7.62-7.12 p. p.m. (multiplet, 10 H, aromatic) and at 
2.81-2.5 p. p.m. (multiplet, 1 H, H in 3-position) 
Mass Spectrum M + 556 (Relative intensity (Rel. int.) 
100%) 
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M 2 °° +22°. 0 (C = 0.QS6 in dioxane) 

n 

All these data are in accordance with the compound of 
formula (II), (+)-MC0L. 

EXAMPLE 2 

2 , 3-Q- ( 5 'dw-cho I estany I i dene-3 ' , 3 ' -d i oxy ) -1 , 4 -b i s-d i phe- 
nyl phosph i nobutane ( (-)-D j OCOL 

50 Grams (0.13 moles) of 5 -cho I estan-3-one, prepared 
from cholesterol accord inq to L.F. and M. Fieser, Orq. 
Synth. Coll. II, 139, were dissolved in 4000 ml of anhy- 
drous benzene toqether with 100 ml. (0.58 moles) of 
L(+)-diethyl tartrate and 100 mq of p-to I uene-su I f on i c 
acid and the resultinq mixture was refluxed for 18 hours. 
After the theoretical amount of water formed, the so- 
lution was cooled, neutralyzed and evaporated under va- 
cuum to dryness. The residue was taken up with water, 
filtered and the precipitate was twice crystallized from 
a mixture of d i ch I oromethane and methanol. 
The 2 , 3-0- ( 5 'JL-cho I estany I i dene) -L-tartr ate was obtained, 
with a yield of 90# of theoretical, 
m.p. 103°C-104°C; 
[a^ 20 = +4°. 24 (C = 1 in dioxane); 

n 

Mass Spectrum M + 574 (Rel. int. 21%). 
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A suspension of 7 n (0.184 moles) of lithium aluminium 
hydride in 3 SO ml of anhydrous diethyl ether was added 
dropwise with a solution of 42 q (0*073 moles) of 
diethyl-2,3-0-(5'c^-cholestsnyl i dene) -l-tart rate in 350 ml 
of diethyl ether, under an inert atmosphere. 
After refluxinq for 4 hours, the reaction mixture was 
cooled and added with 7 ml of water and 7 ml of a 15^ 
aqueous solution of sodium hydroxide. 

The inorpanic precipitate was filtered and washed with 
diethyl ether. The filtrates were collected and evapo- 
rated to dryness and the obtained residue was crystal - 
I ized from a mixture of d i ch I oromethane and methanol. 
A further crystallization from a mixture of diethyl 
ether and hexane pave the 2,3-0-(5'<k-cholestany I idene)- 
-L-treitol havinp m.p. 199°C-r200°C, = +13°. 88 

(C » 1 in dioxane), Mass Spectrum M + 490 (Rel. int. 17%) 
with a yield of 60% of theoretical. 

A solution of sodium d ipheny I phosph.t ne in a mixture of 
dioxane and tetrahydrof uran was added dropwise, under 
stirring at ambient temperature under nitropen atmo- 
sphere, with a solution, in anhydrous tetrahydrof uran, 
of 23.4 P (0.02Q5 moles) of 2, 3-0-( 5 cJl-cho I estany 1 idene)- 
-L-tre i to I -1 , 4-b i s»p-to I uenesu I f onate, obtained with 
a 05^ yield hy treat i nq the above 2 , 3-0- ( 5 'Jocho I est.a- 
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nyl i dene)-L-tre i to I with p-to I uenesu I f ony I -ch I or i de in 
pyridine. The solution was kept under stirring for 48 
hours and then Doured dropwise in 50 ml of anhydrous 
ethanol. The solvents were evaporated off in vacuo and 
the residue, taken up with water, was filtered. The solid 
was washed with ethanol, dried under vacuum and then 
dissolved in anhydrous diethyl ether and dried over anhy- 
drous sodium sulphate. After a crystallization from a 
mixture of diethyl ether and ethanol, 22 9, (90% of 
theoretical), of pure product were obtained, having the 
f o I I ow i ng phys i ca I -chemi ca I propert i es : 
m.p. 137°C+140°C; 

*H-NMR shows the most significant peaks at 7. 45*7. 05 
D.p.m. (multiplet,- 20 H, aromatic), 3.98+3.81 p. p.m. 
(multiplet, 2 H, CH0) and 2.61+2.15 p. p.m. (multiplet, 

4 H, CH 2 -P); 

fcQ 25 = 17.7 (C = 1.51 in dioxane) 
D 

Al I these data are in accordance with the compound of. 
formula (III), (-)-DIOCOL. 

EXAMPLE 3 

Asymmetric hydrogenat i on of ( Z )-acety I am i noc i nnam i c 
acid. 

5 m. moles of ( Z )-acety I am i noc i nnami c acid, 0.05 m. moles 
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of ^TC0D)RhCJ J / r 2 (cyclooctadieny I rhodium chloride dimer) 
and 0.055 m. moles of (-)-DIOCOL were poured into 250 
ml stainless steel autoclave. 

After removinq the a i r by means of a mechanical pump, 
40 ml of a 1:1 (v/v) mixture of benzene and methanol 
were introduced by suction, the autoclave was filled 
with 70 atmospheres of hydrogen and subsequently kept 
under stirring overnight at ambient temperature. Once 
the reaction was terminated the solvent was evaporated 
off under vacuum and the residue was taken up with an 
aqueous 5^ sodium bicarbonate solution. The solution 
was extracted with diethyl ether and the aqueous layer, 
after seoaration, was acidified by means of a 10% aque- 
ous solution of hydrochloric acid. 

The acidic solution was then throughly extracted with 
diethyl ether and the organic extract was dried over 
sodium sulphate. By evaporating off the solvent, 4.5 
m. moles of (-)-N-acety I (R)-pheny I a lani ne were obtained, 
havinq[Xl D = -41°. 9 (con. = 1 in ethanol), correspond- 
ing to an optical purity of 91#*. 

EXAMPLE 4 

Asymmetric hydrogenat i on of ( E) -ft-methy I c i nnam i c acid 
Ry ooerating substantially accordino to the procedure 
of Examnle 3, the (-)-(R )-3-pheny I hutanoi c acid was oh- 
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25 

tained, with a yield of Q2&, having = -4°. 77 (C 

= 6 in chloroform), corresponding to an optical purity 
of 10. 8<£, startina from the ( E) -^methy I ci nnam i c acid 
( (E)-3-pheny I -2-butano i c acid). 

EXAMPLE 5 

Asymmetric hydropenat i on of the mesaconic acid 
By operating substantially according to the procedure 
of Example 3, the (+) -( R )-methy I succ i n i c acid was obtain- 
ed, with a yield of 70%, having [yjj 5 = +1°.15 (C = 4.68 
in ethanol), corresponding to an optical purity of 
9.2%, starting from (E)-methy I -2-butenedi o i c acid (mesa- 
conic acid). 

EXAMPLE 6 

Asymmetric hydrogenat i on of the methyl ester of the 
( Z ) -acet y I am i noc i nnam ic acid 

The hydrogenat i on reaction was carried out substantial- 
ly as described in Example 3* 

The reduction product was isolated according to the fol- 
lowing procedure. 

The reaction mixture, after evaporating off the solvent 
under vacuum, was dissolved in 15 ml of diethyl ether 
and filtered through a cromat ooraph t c column containing 
a 3 cm thickness of silica qe I . R y evaooratinq off the 
filtrate (-)-N-acety I -( R )-pheny I a I an i ne methyl ester 
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was obtained, with a yield of 75%, havin ^[dl] D ' s -2°. 78 
(C = 2 in methanol), correspond i nq to an optical purity 
of 18*. 

EXAMPLE 7 

Asymmetric hydrogenat ion of (Z )-acety I am i noc i nnam i c acid, 
3 m . mo les of (Z)-acety I am i noc i nnami c acid, 0,05 m. moles 
of /TCOD)RhCj7 2 anc * O* 11 m-moles of (+)-DIC0L were poured 
into a 250 ml stainless steel autoclave. 

After removing the air by means of a mechanical pump, 
40 ml of a 1:1 (v/v) mixture of benzene and methanol 
were introduced by suction, the autoclave was filled 
with 70 atmospheres of hydrogen and subsequently kept 
under stirring overnight at ambient temperature. 
Once the reaction was terminated, the solvent was evapo- 
rated off under vacuum and the residue was taken up with 
an aqueous 5* sodium bicarbonate solution. 
The solution was extracted with diethyl ether and the 
aqueous layer, after separation, was acidified by means 
of a 10% aqueous solution of hydrochloric acid. The acid 
solution was then throughly extracted with diethyl ether 
and the organic extract was dried over sodium sulphate. 
By evaporating off the solvent, 4.8 m. moles of almost 
racemic N-acety I pheny I a I an i ne were obtained with a yield 
of 96* of theoretical . 
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EXAMPLE 8 

Asymmetric hydr ogenat i on of ( E ) -/ft-methy I c i nnam i c acid 
By operating substantially accordinq to the procedure 
of Example 7, almost racemic 3-pheny I butano i c acid was 
obtained with a yield of 96%, starting from ( E)-y3~methy I - 
c i nnam i c ac i d. 

EXAMPLE 9 

Asymmetric hydrof ormy 1 at t on of 1-hutene. 
lxlCf* Moles of HRh(CO)(PPh 3 ) 3 and 3xl0~ 4 moles of 
(+)-DIC0L were introduced into a 0.2 liters stainless 
steel autoclave. The air was then removed by means of 
a mechanical pump, 40 ml of mesitylene were introduced 
by suction and finally, after cooling the autoclave to 
-30°C, the reaction mass was added with 0.1 moles of 

1- butene. The autoclave was loaded with an equ i mo I ecu I ar 
mixture of carbon monoxide and hydrogen at ambient tempe- 
rature, reaching a pressure of 90 atmospheres, and the 
whole was subsequently heated to 60°C by means of an 

oil bath. The prat teal ly complete (99$) convert ion of 
the startinq substratum was achieved in 16 hours. The 

2- methy I butana I was obtained as the sole product of the 
hydroformy lation with a yield of 90$ by rectifying the 
reaction mixture. The optical purity of the obtaiped 
aldehyde was determined by oxidizing it with silver oxide 
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and sodium hydroxide to the corresponding 2-methylbu- 
tar.oic acid and by measuring its optical activity: the 
prevailing enantiomer showed en (S) configuration and 
the enantiomeric excess was 1%. 

The reaction conditions and the results obtained in the 
asymmetric hydrof ormy I at i on (carried out substantially 
as described in this example) of olefin hydrocarbons 
in the presence of the catalytic system 
HRh(CO)(PPh 3 ) 3 /(+)-DICOL are shown in the following 
Table 1. 

The data related to the conditions and the obtained re- 
sults in asymmetric hydrof ormy I at i on of various substra- 
ta by using a catalytic system comprising (-)-DIOCOL 
have been collected in Table 2. 
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TABLE 1 

Asymmetric hydrof ormy 1 at i on of olefins carried o ut with 
( + )-MC0L as the chtral ligand 
Substratum: 0.1 moles; benzene: 40 ml; 
HRh(CO)(PPh 3 ) 3 /olefin ^1/500 
HRh(CO)(PPh 3 ) 3 /( + )-DICOL = 1/3 

P 80-00 atm. at ambient temperature; C0/H = l/l 



SUBSTRATUM 


React, 
temp. 
°C 


React, 
time 


Conver 
sion 


Yield 


Optically active compound 




hours 




% 


Name 


A 


% ee 


(C0NF 


Cis-butene 


80 


n.d. 


99 


91 


2-methylbuta- 
noic acid 


100 


0 




2, 5-dihydrofuran 


60 


30 


99 


90 


tetrahydrofuran 100 
-3 carboxylic acid 


0 




styrene 


80 


4 


45 


30 


2-phenylpro- 
panoic acid 


89 


1 


(R) 


2-phenylpropene 


90 


110 


66 


52 


3— pheny 1 bu tanal 


95 


1 


(R) 



A = percent of chiral aldehyde in the reaction product 
ee = enantiomeric excess 
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TABLE 2 



Asymmet r i c 


hydro 


formylation of 


olef 


ms carried out with 






(-)-niocoL 


as th 


e chiral 1 i qand 


• 








Substratum 


: 0.1 


mo 1 es; 


benzene : 


40 


ml 






HRh(CO)(PPh^/o 


1 ef i n 


* 1/500 










HRh(CO)(PPh^) 3 /( 


-)-DI0C0L = 1/1 


.5 








P 80-90 atm. 
tot . 


at ambient temperature; CO/H^ - 1/1 






SUBSTRATUM 


React, 
temp. 


React, 
time 


Conver Yield 
sion 


Optically active compound 






°C 


hours 


% 


% 


Name A 


% ee 


(CONF 


1-butene 


60 


65 


98 


91 


2-methylbuta- 13 
noic acid 


3.8 


(R) 


Cis-butene 


90 


n .d. 


98 


90 


2-methylbutanal 100 


1 


(S) 


2, 5-dihydrofuran 


60 


44 


99 


93 


tetrahydrofuran 100 
3-carboxylic acid 


3.3 


(R) 


2,3,3-trymethyl- 


100 


n.d. 


65 


50 


3,4,4-trimethyl 100 


1.1 


(R) 


-1-butene 










pentanoic acid 






Btyrene 


80 


16 


92 


85 


2-phenylpropa- 68 
noic acid 


6.3 


(R) 


2-phenylpropene 


90 


240 


55 


50 


3-phenylbutanal 95 


1 


(S) 


isoprene 


80 


140 


98 


30 


3-methylpenta- — 
noic acid 


34.2 


(S) 



A = percent of chiral aldehyde in the reaction product 
ee = enantiomeric excess 
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EXAMPLE 10 

Asym metric hydrocarbomethoxy 1 at ion of 3 , 3-d i methy I -1-butene ■ 
8.4 Grams (0.1 moles) of 3, 3-dimethy I -1-butene, 50 ml of 
a 4:1 (v/v) mixture of benzene/methano I , 35 mg (2x10 *moles) 
of palladium chloride and 223 mg (4xl0"~ 4 mo!es) of (+)-DIC0L 
were introduced into a 0.2 liters stainless steel autoclave. 
The reaction vessel was loaded with carbon monoxide at 100 
atmospheres and then heated for 47 hours at 70°C. The 93% 
of the starting substratum was transformed into esters. By 
means of a fractional distillation a mixture of esters was 
obtained, with a yield of 80%, containing 11. 4% of methyl 
(R)_2,3,3-trimethylbutanoate having an optical purity of 
2.6%. 

The reaction conditions and the results of other experiments 
of asymmetric hydrocarba I koxy I at i on carried out according 
to the hereinbefore described process in the presence of 
palladium chloride and (+)-DIC0L as the catalytic system 
have been summarized in the following Table 3. 
The reaction conditions and the results obtained in the 
hydrocarbethoxyl at ion of var ious substrata by using the 
catalytic system containing (-)-OIOCOL have been summarized 
i n Tab I e 4. 
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TABLE 3 

Hydrocarba I koxy I at ion of olefins carried out by means of 



(+)-PIC0L as the chiral lioand. 



Substratum: 0.1 
• 


mo ! es 


; benzene/ethanot 


= 4/1 




PdCI -/olefin ^ 


1/500; 


PdCI 


2 /C+) 


-01 COL 


« 1/2 




React. 
SUBSTRATUM temp. 


React, 
time 


p co 

atm. 


Conv. 
% 


Yield 
% 


Optically active compound 


°C 


hours 






name 


A % ee (C0NF) 


1-butene 70 


18 


140 


80 


65 


ethyl 2-me- 
thylbutanoate 


58. 6 2 (S) 


Cis-butene 70 


41 


140 


85 


72 


ethyls-me- 
thyl butanoate 


98.5 1 (R) 


2,3,3- tri me thy 1 - 100 
-1-butene 


164 


80 


n.d. 


33 


ethyl-3,4,4- 

trimethyl- 

pentanoate 


100 2.5 (R) 


styrene 80 


96 


90 


99 


9 


ethyl 2-phe- 
nylpropanoate 


100 1.6 (S) 


phenyl propene 100 


24 


95 


85 






0 



A = percent of chiral aldehyde in the reaction product 
ee = enantiomeric excess e 
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TABLE 4 

Hydrocarba Ikoxy lat ion of olefins carried out by means of 

(-)_Q10C0L as the chiral I igand 
Substratum: 0.1 moles; benzene/ethano I = 4/1 
PdC! 2 /olefin -1/500; PdC I 2 /(-)-D I 0C0L = 1/1 



React. React . P CQ Conv. Yield 

SUBSTRATUM temp. time 7 % % 

a tin. 

°C hours 



Optically active compound 



name 



A % ee (C0NF) 



1-butene 



90 15 150 98 



88 ethyl 2-me- 27 4.3 (S) 
thylbutanoate 



Cis-butene 



100 12 140 99 



2 , 3 , 3- tri methyl- 100 
~l-butene 



.72 



80 75 



91 ethyl 2-me- 59.3 2.1 (R) 
thylbutanoate 

68 ethyl 3,4,4- 100 12.5 (S) 
trimethyl 
pentanoate 



2-phenylpropene 120 24 80 99 



styrene 



70 47 100 99 



95 ethyl 3-phe- 100 1.3 (S) 
nyl butanoate 

80 ethyl 2-phe- 44 6.7 (S) 
nyl propanoate 



A = percent of chiral aldehyde in the reaction product 
ee = enantiomeric excess 
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CLAIMS 



1. New steroidal chiral phosphines of formula: 




wherein R represents a phosphorated group selected 
between 



,,,Ml, P(CgHj) 2 and 



< 



0_4-CH 2 P(C 6 H 5 ) 2 



r CH 2 P(C 6 H 5 ) 2 



2. A compound as defined in claim 1, of formula: 

V 
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A compound as defined in claim 1, of formula: 




< 



A process "For preparing a steroidal chiral phosphine 
of formula 




which comprises reacting the 5dv -cho I estane-3^ -o I 
tosylate with sodium d ipheny I phosph i ne under nitrogen 
atmosphere in an anhydrous inert organic solvent like 
dioxane or tetrahydrof uran or mixtures thereof, at room 
temperture for a period of time comprised between 2 
and 4 days. 
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A process for preparing a steroidal chiral phosphine 
of f ormu I a : 




which comprises reacting the 5d^-cho I estane-3-one 
with (R)(R)-diethyl tartrate in an inert organic solvent 
like toluene or benzene in the presence of p-to I uenesu I - 
fonic acid, at the boil inq temperature of the reaction 
mixture for a period of time comprised between 12 and 
24 hours, reducing the carbethoxy groups to hydroxy- 
methyl groups by means of a metal hydride like lithium 
aluminium hydride or sodium borohydride in anhydrous 
diethyl .ether at the boiling temperature of the reaction 
mixt ure for a period of time comprised between 2 and 
10 hours, protecting the hydroxy groups by reaction 
with o-to I uenesu I f ony I chloride and reacting the so 
obtained p-to I uenesu I f ony I derivative with sodium di- 
pheny I phosph i ne under stirrino at room temperature, 
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in an inert orpanic solvent like dioxane, tetrahydro- 
furan or a mixture thereof, for a period of time com- 
prised between 24 and 72 hours. 

New catalytic systems to be employed in asymmetric 
homogeneous catalytic processes, comprising a suitable 
metal complex and a new steroidal chiral phosphine of 
general formula: 




A new catalytic system as defined in claim 6 charac- 
terized in that the metal complex is selected from 
neutral or cationic complexes of monovalent rhodium, 
platinium complexes and palladium complexes. 
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A process for asymmetrically hydroqenat i nq prochiral 
substrata of formula 

\ / 

v c = c 

R R 
wherein R and R*, independently represent hydrogen, 
straight or branched (Cj-Cg) a Iky I, substituted or un~ 
substituted ary I or (C^_g) cycloalkyl; R* may be also 

a carboxy qroup; 
2 

R represents a carboxy, an ester or an amide group; 

3 

R % represents (C^g) alkyl, ( C 3_g) cycloalkyl, a sub- 
stituted or unsubst ituted ary I qroup or an amide qroup 
characterized in that catalytic systems are used, com- 
prising a neutral or cationic complex of monovalent 
rhodium and a I igand as defined in claim 1. 
A process for asymmetrically hydrof ormy I at i nq prochiral 
substrata of formula 

R-CH=CH 2 

wherein R represents a straight or branched aliphatic 
qroup containinq from 1 to 20 carbon atoms or a sub- 
stituted or unsubst ituted ary I qroup, characterized 
in that catalytic systems are used, comprisinq a rhodium 
or platinum complex and a I igand as defined in claim 1. 
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.10. A process for asymmetrically h ydrocarba I koxy I at i nq 
prochiral substrata of formula: 
r-CH= CH 2 

wherein R represents a straight or branched aliphatic 
group, conta i n i ng from 1 to 20 carbon atoms or a substi- 
tuted or unsubst i tuted ary I group, characterized in 
that catalytic systems are used, comprising a palladium 
complex and a I igand as defined in claim 1. 
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l 

CLAIMS FOR AUSTRIA 

5 1« A process for preparing a steroidal chiral phosphine 
of formula 



10 



15 




which comprises react inp the 5ck -cholestane-3^-ol 
2Q tosylate with sodium d ipheny 1 phosph i ne under nitrogen 

atmosphere in an anhydrous inert organic solvent like 
dioxane or tetrahydrof uran or mixtures thereof, at room 
temperture for a period of time comprised between 2 

25 

and 4 days. 

30 



35 
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A process for preparinp a steroidal chiral phosphine 
of formula: 




which comprises reacting the SdLrcho I estane-3-one 
with (R) (R)-diethyl tartrate in an inert organic solvent 
like toluene or benzene in the presence of p-to I uenesu I- 
fonic acid, at the boiling temperature of the reaction 
mixture for a period of time comprised between 12 and 
24 hours, reducing the carbethoxy groups to hydroxy- 
methyl groups by means of a metal hydride like lithium 
aluminium hydride or sodium borohydride in anhydrous 
diethyl , ether at the boiling temperature of the reaction 
mixture for a Deriod of time comprised between 2 and 
10 hours, protecting the hydroxy groups by reaction 
with D-tol uenesu Ifony I chloride and reacting the so 
obtained o-to I uenesu 1 f ony I derivative with sodium di- 
pheny IphosDhine under stirring at room temperature. 
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in an inert organic solvent like dioxane, tetrahydro- 
furan or a mixture thereof, for a period of time com- 
prised between 24 and 72 hours. 

A process for preparing new catalytic systems to be employed in asyromrtric 
homopeneous catalytic processes, comprising mixing a suitable 
metal comolex and a new steroidal chiral phosphine of 
general formula: 




wherein R represents a phosphorated group selected from 
■•IIH p (Q 6 H 5 ) 2 and 



(C 6 H 5 ) 2 P- CH 2 



A process as defined in claim 3 charac- 
ter! zed in that the metal complex is selected from 
neutral or cationic complexes of monovalent rhodium, 
platinium complexes and palladium complexes. 
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A orocess for asymmetrically hydropenat i nq prochiral 
substrata of formula 



R R 2 

\ / 

, c = c 

4 \ 3 

R 

wherein R and R*, independently represent hydrogen, 
straight or branched (C^-Cg) a Iky I, substituted or tin- 
substituted aryl or (C^ g) cycloalkyl; R* may be also 

a carboxy group; 

" 2 

R represents a carboxy, an ester or an amide group; 
3 

R represents (Cj.g) alkyl, ^3_8^ cycloalkyl, a sub- 
stituted or unsubst i tuted aryl proup or an amide group 

characterized in that catalytic systems are used, com- 
prising a neutral or cationic complex of monovalent rho- 
dium and as a ligand a new steroidal chiral phosphine of 
formula 
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wherein R represents a phosphorated group selected 
between 

'»'"'P(C 6 H 5 ) 2 and 

0 l-CH 2 P(C 6 H 5 ) 2 



^0— t-CH 2 P(C 6 H 5 ) 2 



A process fop asymmetrically hydrof ormy I at i ng prochiral 
substrata of formula 

R- CH = CH 0 

wherein R represents a straight or branched aliphatic 
group containing from 1 to 20 carbon atoms or a sub- 
stituted or unsubstituted aryl group, characterized 
in that catalytic systems are used, comprising a rhodium 

or platinum complex and as a ligand a new steroidal 
chiral phosphine of formula 
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wherein R represents a phosphorated group selected 
between 



••»'mP(C 6 H 5 ) 2 and 



< ° |- C " 2 P(C 6 H 5 ) 2 



-CB 2 P(C 6 H 5 ) 2 



A process for asymmetrically hydrbcarba Ikoxy I at i ng 
prochiral substrata of formula: 
R-CH— CH 2 

wherein R represents a straight or branched aliphatic 
group containing from 1 to 20 carbon atoms or a substi- 
tuted or unsubstituted aryl group, characterized in 
that catalytic systems are used, comprising a palladium 

complex and as -a ligand a new steroidal chiral phos- 
phine of formula 
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* wherein R represents a phosphorated group selected 
between 



»""«P(C^H^) 2 and 

0 |-CH 2 P(C 6 H 5 ) 2 

0 i-CH 2 P(C 6 H 5 ) 2 
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